Small GTPases Rap1 and RhoA regulate superoxide formation by Rac1 GTPases activation during the phagocytosis of IgG-opsonized zymosans in macrophages.
Phagocytic NADPH oxidase plays a critical role in superoxide generation in macrophage cells. Small GTPases, including Rac1 and Rac2, have been implicated in the regulation of NADPH oxidase activity. Rap1, which has no effect in a cell-free system of oxidase activation, recently has been proven to colocalize with cytochrome b(558). In addition, neutrophils from rap1A(-/-) mice reduce fMLP-stimulated superoxide production. Here, we tried to determine whether Rap1 also plays a role in the production of superoxide. IgG-opsonized zymosan (IOZ) particles treatment induced Rap1 activation and superoxide generation. Knock-down of Rap1 by si-Rap1 suppressed IOZ-induced superoxide formation. Sh-RhoA also reduced superoxide levels, but 8CPT-2Me-cAMP, an activator of Epac1 (a guanine nucleotide exchange factor (GEF) of Rap1), could recover the levels to the control value. When cells were stimulated by IOZ, Rap1 and Rac1 were translocated to the membrane, and then interacted with p22(phox). 8CPT-2Me-cAMP rescued sh-RhoA-induced reduction of the interaction between Rac1 and p22(phox), and enhanced lysophosphatidic acid (LPA)-induced increase of their interaction. Moreover, Rac1 activity was increased by both LPA and 8CPT-2Me-cAMP when treated with IOZ particles. Si-Vav2 impaired GTP-Rac1 levels in response to 8CPT-2Me-cAMP/IOZ. Phosphorylation of RhoA activates Rac1 in response to IOZ by the enhanced binding of phospho-RhoA to RhoGDI, leading to the release of Rac1 from the Rac1-RhoGDI complex. In conclusion, IOZ treatment induces Rap1 activation and phosphorylation of RhoA, which in turn cause Rac1 activation and promote Rac1 translocation to the membrane leading to binding with p22(phox) that activates NADPH oxidase and produces superoxide.